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Received 10 January 2005; accepted 29 April 2005AbstractAccording to the requirements of the Water Framework Directive 2000/60/EC, all member states of the EU have to
establish the typology of their surface waterbodies. The typology is aimed at deﬁning the type-speciﬁc reference
conditions against which the ecological state of waters can be assessed. The abiotic typology of Polish lakes of an area
greater than 50 ha was established based on morphometric, hydrographic and physico-chemical data taken from the
Polish national monitoring dataset. The current dataset comprises 749 out of a total of 1042 lakes with an area greater
than 50 ha in Poland. Lake types were identiﬁed based on a combination of abiotic characteristics of lakes speciﬁed in
Annex II of the Water Framework Directive such as ecoregions, size, altitude, mean depth, geology and an additional
factor – Schindler’s ratio. Altogether 13 abiotic lake types were established.
r 2005 Elsevier GmbH. All rights reserved.
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The EU Directive 2000/60/EC (EU, 2000), the so
called Water Framework Directive (WFD), requires
that the assessment of ecological status of surface waters
takes account of natural background conditions. There
is recognition that the ecology of waterbodies varies
with climate and landscape, which in turn, determines
inherent morphological and chemical properties. This
permits a differentiation among waterbody types, but
furthermore drives a requirement for the establishment
of typologies. Thus, according to the requirements of
the WFD all surface waterbodies, including lakes, rivers,
coastal and transitional waters, have to be identiﬁed and
typiﬁed by each member state. The typology is aimed
mainly at deﬁning type-speciﬁc reference conditions for
hydromorphological, physico-chemical and biologicale front matter r 2005 Elsevier GmbH. All rights reserved.
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ing author.
ess: akolada@ios.edu.pl (A. Kolada).elements. Deviations from reference conditions are then
used as the basis for the classiﬁcation of ecological
status of the surface waterbodies. The classiﬁcations will
subsequently be included in the River Basin Manage-
ment Plans that will be reported to the EU Commission.
In the following we show a typology scheme of Polish
lakes of the surface area greater than 50 ha based on
their abiotic characteristics, i.e. morphometric and
physico-chemical regimes. We used cluster analysis to
derive the relative importance of the chosen parameters.
The typology of smaller lakes, as well as the typology of
anthropogenic lakes, should be prepared in the future as
a next step.Polish lake resources
Poland has a population of some 7000 lakes with a
surface area of more than 1 ha. They cover about 1% of
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Fig. 1. Distribution of lakes 450 ha in Poland (A) lakes
within the limit of the last glaciation, (B) lakes in the Polesie
region, (C) lakes in the Tatra Mountains, (D) lakes in the
Sudety Mountains, (E) lakes near Legnica limit of the
last glaciation.
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distribution of lakes in Poland is quite uneven (Fig. 1).
Most lakes are located in the northern and central parts
of the country within the limit of last glaciation, forming
several well-distinguished lake districts. These lake
districts comprise the majority of all Polish lake
resources, embracing over 98% of a total of 1042 lakes
with an area greater than 50 ha.
There are also a few groups of lakes situated outside
of the strip of postglacial deposits. In the eastern part of
the country, in the Polesie province, there is a lake
district embracing 41 waterbodies of surface area greater
than 10 ha, of which 16 have a surface area exceeding
50 ha. Additionally, there is a small group of lakes in the
south-western part of Poland, near Legnica, of which
only two lakes have an area greater than 50 ha. Finally,
10 small and deep mountain lakes of surface area not
greater than 40 ha are situated in the Tatra and Sudety
Mountains.Material and methods
The typology of Polish lakes has been established
based on data taken from the Polish national monitor-
ing network database. Monitoring data are collected by
voivodship inspectorates of environmental protection
under assignment of the Chief Inspectorate of Environ-
mental Protection, and stored in a computer database
held at the Institute of Environmental Protection in
Warsaw. Lake monitoring in Poland, which has beencarried out for almost 30 years, provides extensive data
on physical, chemical and biological parameters of
waters, as well as morphometric, hydrographic and
catchment area characteristics of lakes. Generally, the
lake monitoring programme has been targeted on lakes
of an area greater than 50 ha, although smaller lakes
have been included where they have environmental
concerns or are of special national natural importance.
At the end of 2003, when the abiotic typology was
established, the working dataset comprised some 1005
Polish lakes, of which 749 have a surface area exceeding
50 ha. In accordance with the WFD requirements, as a
ﬁrst step we decided to restrict our study to the typology
of large lakes (450 ha).
All morphometric and physico-geographic data were
analysed using statistical clustering methods together
with expert judgement to obtain their relative impor-
tance. Also, water quality classes according to the Lake
Quality Evaluation System (Kudelska, Soszka, &
Cydzik, 1997), implemented in lake monitoring in
Poland, were used to determine class boundaries of the
typology factors.Typology criteria according to Annex II of the
Water Framework Directive
The Annex II of the Directive offers a choice between
two typological systems: a ﬁxed system A based upon
‘ecoregions’ according to Illies (1978) and obligatory
factors with deﬁnite class boundaries and a more open
system B with many optional factors. Both systems are
based on natural abiotic characteristics including geo-
graphic position, altitude, size, geology and, for lakes,
mean depth. Polish lake types have been differentiated
using criteria of System A of Annex II of the WFD in
combination with selected criteria of System B.
Ecoregions
According to Illies (1978), referenced in Annex XI of
the WFD, Poland shares four ecoregions: Central
plains, Eastern plains, The Carpathians and Central
highlands. Since the ecoregions distinguished by Illies do
not exactly correspond to Polish conditions, the
physico-geographical regionalisation of Europe (Kon-
dracki, 1998), based on geomorphological features,
climatic and geobotanical conditions, was applied. All
Polish natural lowland lakes are situated in two physico-
geographical regions. Within the lake districts of north-
ern Poland two geographic units were distinguished, one
belonging to the Western Europe Unit (Niz˙ S´rodkowo-
polski), and the other belonging to the Eastern Europe
Unit (Niziny Wschodnioba"tycko-Bia"oruskie). The
group of lakes in the eastern part of the country in the
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Fig. 2. Physico-geographical regions comprising Polish lakes
450 ha (acc. to Kondracki, 1998) (A) Niz˙ S´rodkowopolski
(Western Unit), (B) Niziny Wschodnioba"tycko-Bia"oruskie
(Eastern Unit) border between geographical units
limit of the last glaciation.
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Fig. 3. Frequency distribution of Polish lakes 450 ha in
particular size classes.
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Fig. 4. Relationship between mean depth and stratiﬁcation,
expressed by share of hypolimnion, in Polish lakes 450 ha
- - - - borders of the depth classes.
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(Fig. 2).
Size
According to System A of Annex II of the WFD four
size classes are indicated: small (50–100 ha), medium
(100–1000 ha), large (1000–10 000 ha) and very large
(410 000 ha).
Of the total of 7000 lakes, only about 15% (1042
lakes) have an area greater than 50 ha. Although small
lakes (o50 ha) constitute a considerable part of Polish
lake resources, currently only the typology of lakes
greater than 50 ha is considered.
Of 1042 lakes of surface area exceeding 50 ha, those
between 50 and 100 ha constitute 47.6%, those between
100 and 1000 ha constitute 49.4% (of which over 90%
are smaller than 500 ha) whilst those greater than
1000 ha constitute 2.9% (30 lakes) (Fig. 3). Only one
lake, S´niardwy, has an area of more than 10000 ha, and
belongs to the class of very large lakes according to the
WFD.
It is considered that the ecological characteristics of
lakes of the areas ranging from the speciﬁed minimum
given in the WFD of 50 ha up to 10 000 ha do not differ
greatly (Kairesalo & Nyka¨nen, 2002), provided that the
other typological parameters are the same. Due to the
small size of Polish lakes in general, for typology
purposes it seems not to be necessary to distinguish any
size classes.Altitude
According to System A of Annex II of the WFD three
altitude classes are indicated: lowland (o200m a.s.l.),
mid-altitude (200–800m a.s.l.) and high-altitude
(4800m a.s.l.). All Polish lakes of surface area greater
than 50 ha are situated below 200m a.s.l. and fall into
the lowland class.Mean depth
According to System A of Annex II of the WFD three
mean depth classes are indicated: very shallow (o3m),
shallow (3–15m) and deep (415m).
Sufﬁcient data on the distribution of lakes regarding
their mean depth exist only for 749 lakes greater than
50 ha, recorded in the monitoring database. The mean
depth of 23% of them does not exceed 3m, whereas
lakes having a mean depth greater than 15m constitute
only 2%. Thus, the majority of Polish lakes have a mean
depth between 3 and 15m and belong to the class of
shallow lakes according to the WFD. This class
comprises both stratiﬁed and unstratiﬁed lakes (Fig. 4).
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stratiﬁed lakes is different from that of their deep,
stratiﬁed counterparts in many aspects (Scheffer, 1998).
For Polish lake typology purposes it is reasonable to use
the distinction between stratiﬁed and fully mixed,
instead of depth classes. In practice, stratiﬁcation
generally occurs with a mean depth greater than 5–6m.
Geology
In the System A of Annex II of the WFD three
categories of geology are speciﬁed: calcareous, siliceous
and organic, although there is no indication by which
parameters geology should be reﬂected.
Although the majority of Polish lakes are situated in
the area of postglacial deposits, not strictly calcareous,
they can be described as hard waters ecosystems.
Therefore, geology was considered taking into account
parameters reﬂecting its inﬂuence on hydrochemistry,
i.e. content of calcium, alkalinity, colour and conduc-
tivity, rather than the deposit in the catchment itself.
For typology purposes it is crucial to analyse character-
istics of lakes, which reﬂect natural environmental
conditions and have not resulted from anthropogenic
impact.
The content of calcium in lake waters ranges from 1.2
to 202.2mgCaL1, usually being in the range of
25–75mgCaL1 (median value 54.8mgCaL1). Only
in a few lakes (26 waterbodies) is the content of calcium
lower than 25mgCaL1 (Fig. 5). These are all well-
known as being dominated by softwater vegetation, so
called isoetid lakes (Kraska & Piotrowicz, 2000; Kraska,
Szyper, & Romanowicz, 1994; Szmeja, Banas´, & Bocia˛g,
1997). Also, alkalinity falling below 1mmol L1 occurs
only occasionally. In the majority of lakes, values of this
parameter reach 2–3mmol L1. Whilst content of
calcium and alkalinity are very strongly correlated
(r2 ¼ 0.819), for typology purposes only one of these
two parameters was used. The borderline of
25mgCaL1 to distinguish two classes of Polish lakes
(low calcium and high calcium content ecosystems) was0 
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Fig. 5. Frequency distribution of calcium content in Polish
lakes 450 ha.established on the basis of anticipated associated
botanical characteristics. This threshold corresponds to
an alkalinity of 1.3mmol L1.
Water colour of lakes greater than 50 ha exceeds
40mgPt L1 only in 60 lakes (5.7%) and only in four of
them is the colour higher than 70mgPt L1. It is thus
very difﬁcult to distinguish homogenous groups of large
lakes being under the inﬂuence of organic geology.
However, it is expected that in the case of small lakes
(o50 ha) many more waterbodies will reveal the
inﬂuence of organic geology (e.g. small humic lakes in
the north-eastern part of Poland).
Conductivity was considered only in cases of lakes
identiﬁed as not being under the strong inﬂuence of
human activity, to ensure that the values of this
parameter are due to the natural conditions and are
not affected by anthropogenic impact. Conductivity in
Polish lakes ranges from 50 to even more than
1000 mS cm1, being most frequently in a range
300–500 mS cm1. Almost 80% of lakes do not exceed
a value of 500 mS cm1, with a median value of
360.5 mS cm1. Very high natural values of conductivity
occur only in a few coastal lakes which have dynamic
connections with the Baltic Sea. We used conductivity to
identify a small group of nine coastal lakes under the
inﬂuence of saline waters.Additional criteria
Additional factors considered as important for lake
functioning were water renewal and the intensity of the
catchment area impact upon the lake expressed as the
ratio of catchment area and lake volume (Schindler’s
ratio SR). These two parameters are very strongly
correlated (r2 ¼ 0.995), thus for typology purposes only
Schindler’s ratio was used. Lakes with low values of
Schindler’s ratio are regarded as having low suscept-
ibility to degradation due to their favourable morpho-
metric, hydrologic and catchment conditions. For this
parameter, the value of SR ¼ 2 was found to be
expedient to distinguish two classes of Polish lakes:
low and high susceptibility to degradation.
Principal Component Analysis (PCA) was used to test
which of the abiotic typology parameters described
above are the most crucial in differentiation of Polish
lakes. Parameters describing morphometric character-
istics of lakes such as mean depth, maximum depth, as
well as stratiﬁcation, Schindler’s ratio and water renewal
were strongly correlated with the Axis I, explaining
46.76% of the observed variance. Chemical parameters
of water such as calcium content and conductivity, were
correlated with Axis II, explaining 18.21% of the
observed variance. Thus, two axes explain 64.97% of
variance overall (Fig. 6).
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On the basis of the combination of two regions
(Western and Eastern Europe Units), one altitude class-1
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Fig. 6. PCA of the parameters used for abiotic typology of
Polish lakes.
Factor loadings:
F1 F2
Surface area 0.235 0.330
Max. depth 0.871 0.350
Mean depth 0.872 0.326
Schindler’s ratio 0.708 0.141
Water renewal 0.763 0.057
Stratiﬁcation 0.806 0.331
Colour 0.621 0.029
Ca content 0.538 0.746
Conductivity 0.474 0.782
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Fig. 7. Scheme of abiotic typology of Polish lakes of surface area4
types; (SR – Schindler’s ratio, S – stratiﬁed, US – unstratiﬁed).(o200m a.s.l.), one size class (450 ha), two calcium
content classes (Cao25 and425mgL1), two classes of
Schindler’s ratio (SRo2 and 42) and two classes of
mixing conditions (stratiﬁed and unstratiﬁed lakes), all
749 lakes from the Polish database were assigned to the
following types (Fig. 7):
Region: Niz˙ S´rodkowopolski (Western Europe Unit)
Lake districts on postglacial deposits
1. lowland, low calcium content, stratiﬁed (a)
and unstratiﬁed (b).
2. lowland, high calcium content, low Schind-
ler’s ratio, stratiﬁed (a) and unstratiﬁed (b).
3. lowland, high calcium content, high Schind-
ler’s ratio, stratiﬁed (a) and unstratiﬁed (b).
4. lowland, high calcium content, with inﬂu-
ences of saline waters.(52) 
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in pRegion: Niziny Wschodnioba$tycko-Bia$oruskie (East-
ern Europe Unit)
Lake districts on postglacial deposits
5. lowland, high calcium content, low Schind-
ler’s ratio, stratiﬁed (a) and unstratiﬁed (b).
6. lowland, high calcium content, high Schind-
ler’s ratio, stratiﬁed (a) and unstratiﬁed (b).
Lake districts in the Polesie province in the eastern
part of Poland
7. lowland, high calcium content, stratiﬁed (a)
and unstratiﬁed (b).The distribution of lakes in particular abiotic types is
very unequal. Types 2a, 3a and 3b in the western part of
Poland as well as their counterparts in the eastern part
(types 5a, 6a and 6b) are the most widespread
ecosystems. These types comprise hard water lakes with
high content of calcium, which are the most typical in
Polish conditions. Types 1a and 1b, characterised by
soft water and low content of calcium, comprise only a
number of lakes limited to relatively few areas on(48) (86) ) (11) (5) 
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soils, in the north-western part of Poland, in Pomerania
(e.g. Kashubian Lake District). These are unique due to
botanical features and characterised by a very speciﬁc
soft water vegetation (Kraska & Piotrowicz, 2000;
Murphy, 2002; Szmeja, Banas, & Bociag, 1997). Type
4 is represented only by nine very shallow coastal lakes,
being under the inﬂuence of saline waters due to the
dynamic connections with the Baltic Sea. Types 7a and
7b comprise very speciﬁc group of lakes situated in the
Polesie province. The origin of these lakes is not clear
and still questionable. This lake district is characterised
by a higher contribution of organic geology.
A future task will be to verify this typology using
biological elements and to check if the differentiation of
abiotic conditions corresponds to the variability of
biological assemblages.Acknowledgements
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